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THREE-OCMFONENT PORCE AND MASS-FLOW MEASUREMENTS
_ON A'JET NACELIR'
By G. Ilgmann and B. MSller

Abstract: The present report contains three-compoment foroe
and mess-flow measurements on a Jet nacelle at small
inlet=velocity ratios vA/vo < 1l. The mass=flow
measurement on two oross sections of the nacelle
demonstratés the local-veloslty dlstribution with
varying flow and angle.of athaok.,

Outline: I. Introduction
I1{a). Model specifications
II(b). Symbols )
I1I. Test procedure
IV. Test evaluation
V. Test results
Vi. Summary
Vii. Bibliography

I. INTRODUCTION

The experimental lnvestigation of Jet-propulsion units,
espeoially their performance in conjumction with the airframe,
hag gained great importance recently. HNumerous sontributions 1n
this fleld have already been made by the institutes for research.
Industry also shows its interest ln this problem by many tests
of its omn. Acoccrding to the repart (1) meesurements of the
oomplete model are generally not necessary for a judgment of
the interference effect of these propulsion units; measurements

"on a Jet nacelle alone or on wing-nacelle configurations are
suffiolent, S ) . -

Such a propulsion unit at small velocity ratio wvy/v, <1
shall be investigated in the present treatise. Systematic

*"preikomponenten- und Durohflussmessungsn an einer
Strahlgondel," Aerodynanisches Institut der Teohnischen
Hochschule Braunsohweige Berioht nr. 45/3. Braunschweig,
March 8, 19)450
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measurements on wing-jet nacelle configurations will follow

later. It is intended to use ths large amount -of material on
wing-fuselage configurations ocomplled at the Aerodynamio

Institute of the Teohnisochen Hochschule Braunschweig for estimates
of the influence of jet nacelles.

Hence the first problem will be to perform three-oomponent
foroe measurements on a jet nacelle with flow passing through
it. These measurements aim at determining the mode of dependency
of the aerodynamic coefficlents on the velooity ratio A= VA/"o'
Besldes flow measurements in varlous cross seotions shall allow
ingight into the veloocity distrilbution. -

I1(a). MODEL SPECIFICATIONS

A Jet-naoelle model of oiroular- oross sseotion was manufaotured
for thls test. The model consists of a cylindrio.cowling with
interpal spinner. Only velooity ratios 0< A < 1-gould be
investigated since no blower had been .built in.

The ocowling inlet was selected moconding to Dr. Klchemarn's
spscifications 5 2) for amnular ocowlings of type, EI with the
constriotion Fg/Fgp= 0.3, Fg representing the inlet oross
section (tabls 1

The tall portion of the nacellec-was shaped according to the
AVA-drawing No. 100 tall portion II.

The follow:lng, dimensions resulted (f:lg. '1)|

. Dlameter Dgp = 150 millimqtara

l(e.:d.mm length of the oowling L = 750 millimeters
Maximum length of the naoella (l 0) Imx' = 9@0 millimﬁterﬂ
Fineneau ratlo I./Dap"' 5 -

The mass flow was regulated solely by variation of tbes exit
oross section.. For thls purpose the position of the tall pertion
of the spinner ‘can be adjusted. The free-stream oross section
.at the exit can thus be .varied in five steps,-with the free .-
oross-eeotim areas differing.by constant.amounts. -. :

’

The nacelle is provided with statlo oriﬁoes a.nd p:ltot tubea
(fig. 1) at coctians & and 5§ for the moss~flcw mea.sm-om'be. e -
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Orifices in the wall are used for d_etermj.nqhon of the statio
pressure. The total pressure in the slot is measured by means
‘of & pltot tube which 1& radially mowable. The pitot tube

was made from a brass tube of the outside diameter = 1 milli-
meter, and the inside diameter = 0.5 millimwtser. - The noase of
the pitot tube lies 5 millimeters ahesd of the radial statioc
drifices in the cowling. - The adjustment is performed by means.
of @ knurled nut (M 3). The pitoh of the thread is 0.5 ni111-
meter so that two ravollutions cause an advande novemeht of

1 millimeter,

A cap was put over the opening for the incoming flow for
the measurement of the jet nacells as a streamline body. The
dimensions gre shown in figure l. The small step at the tail
between oowling and spinner of the nacelle (in throttle
position L) was not filled out with olay for ‘the measurement of
the atreanline body.

o 1I(b). SYMBOLS

The sense of direction of foroes and moments 18 established
according to DIN L 100, 2. editions The symbols used are
enumsrated belows

Dep maximum dlameter of tha naocelle

Fep largest bulkhead ares of the nacelle '&Fap = 0.0177 mal)
L __ length of the naoeile.(oan-rling-)

Lt length of the nacelle (w:lth atreamlined tail portion)

Pe/Fep ;'oona'hriotion of ‘the cuwling inlet
P, ’ exit t_:rou section (0.00535 m2)

Roowl:lng inner radiys of the oowling at the oross -sections -
of msasurements A and B

Rgpinner outer radius of the spiimer at the oross ‘seoctions
of measurements A and B

velonity ratio (vA/vo)
Yo undisturbed valooity of the :lnod.dent flow (m/s)
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va megn velooity at the exit cross section {m/s)

Q . mass flow {ma/u)
a angle of attack
q dynemio pressure of the undlsturbed.flow (—2 voz) -
Og, " . 11ft coefflolent of the nacelle A ‘
q Fsp
W
ient of the naocelle {———
Oy drag ooeﬁ‘i.o ent of (q - p)
ox " moment coeffioient with respect to the lateral
axis; point of reference: axis of the nacelle
at the inlet cross section i '
g FgpL
A friction coeffiolent of the tube F-P—z—%
] distance of the cross sections of measurements

Aand B (1= 200 mm)
III. TEST FROCEDURE |

. The msasurement was oarried out in the . l.2-meter wind .
tumel of the AITHB at a wind velooity of wy = L0 m/s. The
velooity ratio was varied within the limits 0<& A <0476,

The three-compcnent foroe measurement was to give information
on the esrodynamic quantities of the jet nacelle for wvarious
throttlings of the mass flowe. For oomparison the nacelle was.
meusured with & streamlined oowling, koreover, two variations
of the macelle were investigeted at A =0: (a) nmoelle with nose
cap and without tail oone; (b) mnacelle without nose cap and with-
out tail cones (See fig. 2, oonfigurations 7 and 8.)

A wake survey was used to determine the wire drag of the
model suspension.

The messgurement of the pressurs distributlon in the oross
seotions of measurements A and B (fig. -1) .led to the determination
of the mass flow and of the velooity distribution. The velocity
distribution and the mass flow in the exit oross section at an
angle of attack @ =00 were asscertained for oontrol.
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The test program 1s given: in table. 2.
IV. TEST EVALUATION .
(a) - Porce Meaburement

The results of the three-component: heakurement are represented
nondimensionals .

A L M
[« R H T et =
2 .9 Fﬂp Ow q ng ' q.F,p L

The seleoted refel-enoe values -were:

Fgn = 0.0167 me = largest bulkhead area

P
LI =0.750 m = Iength of the naocelle

The polnt of reference for the longitudlnal moment lles at
midaxis of the nacelle irnlet arsa.

The wire drag of the model support which was msoertained by
woeke survey was subtraoted accordingly. The wire drag for these
measurements lles between the limits wnacelle/"auspension 2 0,25
to O.LLO.

The Reynoéda number for the three-compomsnt-mcasurement ias
vl/1v~2.0 » 106, referred to the length of the nmaoclle L= 750 milli-
metera,.

(b) Mass-Flow Measurements

First, the looal velocity distributlon in the slot betwsen
spinner and ocowling can be ascertainad from the measured distribution
of total pressure und statie pressure. - The value of the mass
flow follows by integrations

. 4 Roowli'ng
Q =2n e . v(r)r dr
-, = 1-l.*.luh '
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The mean mass~flow results from the comparison of the four test
points in the croess sectlion of measurements. From this figure the
mean veloocity at the exit cross seotion can be caloulated with
which the velocoty ratic. A is formed, The measurementa taken
for oomperison at the sectlons A and B and et the exit oross
seotion permlt an estimnte of the accuraoy of the method of
measurament. (See table 3.)

Values of the mass flow Q (ma/s)l

Therewlth reesults a maximum deviation,from the mean mess
flow of 1le& percent. The measursment of veloosity distribution
near the wall 1s generally very sensitive due to the large
velocity gradlient.

The static pressures whioh were ascertained for the ssotions
A and B make a comparison to the known friction coefflcients
of the tube prossible.

V. TEST RESULTS

The serarate results of the force measurement ars represented
in the figures 3 to 10. The &g(a)- , opla)-curves and the
polars for the most important cases ere summarized in figures 11
end 12,

Pigure 13 shows the drag cocffioclents Oyo ©f the nacelle
for a= 0° and various amounts of air passing through. A
few measurement values from an AVA-report (3) arc drawn in for
comparlison. The drap of the tost nacelle ut A~0,6 is higher
than the oomparative value of the AVA-measurement and higher than
the oustomarily given value oy, = 0410 to 0.12 (1). The
test poluts intimate a drag inorease with increasing throttling.

The contribution of the inside drag oan be seen from a
aomparison of the nacelle drage with and withoubt Flow passing
throughe Thlis contribution can be traced back to the drag of
the spimmer and to the fristisn drag on the inside of the
conling, The differense Aqy = ®w(mass flow) ~ ®w(A =0) ~ 0.05
aleo 18 larger than in the AVA measurement mentioned above,.

The Jet nacelle with a streamlined cowling produces only a

gpall drag reduction, In ths variations additionally measured
(figse 9 and 10) the unfavorable influsence of the missing tail

6
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oone 1s shown by a drag increase., The unfavorable tall configura-
tlon of the ellipsoid of revolution 1:7* has the seme effect.

The oompilation in chart 1l; elucidates the relations with
respect to lift and pitohing moment; dcn/da.. .dou/da., and
doy/dos are represented there as funotioms of M and oampared
with existent test results. Iwo ranges of a = -6° to &°
and a> 6°, with esgsentially differing inecreases, result for
the 1ift inorease dog/d;. The lift inmcrease with A ocan be
seen oloaarly. :

The change in moment inorease doy/dog (moment reference
point to axis of the naoslle at the inlet oross seation) for the
measured naoelle in the range 0< A < 0.76 is small. One pan
recognize, however, that the unstable moment of the nmoelle
somewhat decreases with the mass flow, The moment eurves
(fige 11) also show that for this cowling separation starts
between a = 6° to @O,

Concerning the wmroblem of the neutral point it 1s more
favorable, according to Multhoop, to have determined the nsutral
polrt for the frioction 1lift. For thls case solely ‘the moments
which are oaused by lift forces are considered. The free moment
as it 1s obtalined under the assumption of frioctionless flow
wlthout resulting foroces on the body of the nacelle, is subtracted
from the measured moment. According to Munk (see (L)) the
free moment oan be ascertained for slender lodies:

= 2 Vol (kp = k3j)

[N W]
gig

(kp = k1) 1is a correction term for the fineness ratio.

The correotion factor can be applied approximately to the jet
nacelles As & result, figure 15 shows the position of the neutral
point of the existent friction 1ift as a function of a form factor

£ a2 :—A which ie dependent on the special 1ift relations of
waDgp~ %

the nacelle. A definite lawfulness in the -position of the neutral

‘Pest body for wing-fuselape combinations measured at the
Aerodynamic Institute of the Technischen Hochschule Braunsohweilg,
see; MSller, "Systematische Sechskomponenten-Messung an Flfigel-
Runpf=-Anordmmgen, Jahrbuch der Deutschen ILuftfahrtforschung
19’.].2, Io, Pe 336‘ .
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point of the friction 1lift can be seen. With the form faoctors
being equal the neutral point lies considerably further baock
for the nacelle than for alender bodies., The positlion of the
neutral point of the friotion lift for the ellirsoid of. revo-
lution 1:17 wkick was graphically represented f'or comparison
approaches more the one for slender bodiss (5).

Acoording to-IV(L) one first determines from the measure-
ment of pressure distribution the dependency of the mass flow on
the throttle position. A survey is given in figure 16. The
highest Zslooity ratio obtained for this configuration is
X:O.?.

Taking the measurcd static pressures within the necelle into
oonsideration onec oun use the pressurs msasurement for determineation
of the tube friction coefficlent Atube' The hydraulio radius

r' = F/U must be substituted for d in the well known formula

. Ap o]
Moube = o .2 1
~ v

=

(F = oross-seotisnal arca of mase flow, U= wetted ciroum-
ference); therefore

4 =
A tube

with ¥ = Q/F = mean flow velocity &t the cross seotion of
measurenentes, 1§ = distence between the two pressure test polnts
and r'y the hydraullo radius, = 0,0085 metcr. It 1s note-
worthy that with thu substitution of the hydrauliec radius

' = v 1'%.= Rs
}"tu'be bocome s ],/h. htube and R'e— < E_' The
Intarior of the Jjet naocelle is well volished and the nacelle
can therefore b® regarded &8 e smooth tube. Nevertheless

the values valid for smooth tubec are not reachvd (+ig. 17)

for the reason that the flow 1s in starting condltion.

(See fiz. 20, seztion A and B.) Figures 18 and 19 show the
influence of the angle of attack upon the flow oonditions for
the jet nacelle, A comparison of the four test voints in the
oross section of measurements A (fige. 18) shows un to a = 12°
a good agreement in the velocity distribution. Only at a = 18°
8 flow disvlacement can be noticed at test point 1; this
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diaplnoeman‘l': is olearly discernible for both throttle positions.
Figure 1S shows the ssime tendenoy for test point 1. However,
this one-side flow displacement does not influence the mass
£low. . : .

: Due to the rapid increassc in volooclty near the wall, a

slight dispersion of the test points is unavoidable in this

ranpes therefore they lie within the aocouracy of meamirement of the
test method usede The diff'srences in velocity at the center of

the oroass section of mensurements at a = 0°. (fig. 18) are caused
by a slightly off center position of the spinmer. Figure 19 shows
for all test points s small inorease of the flow velogity with
increasing angle of ettack. This rhenomenon is most probably
caused by the influsnce of the domain of underpressure increased
with increasing angle of attack at the tall of the nacelle.

VI. SUMIIARY

Foroe and mass-flow measuremsnts were carried out on a jet
nacells with the velooity ratio 0< v_p/vo < 0.76. The result
of the three-component foroe measurement is an increase of the
1ift owrve slope and a deorease of the unstable moment of the
necelle wwith mass flows. The noutral polnt of the friction 1ift
which lies at xy/L = -0.95 for A = 0 travels forward with
increasing mass flow. The maes-flow measurement slucidates the
flow behaviour in the immer space of the nacslle. An even
veloclty distribution in the annular oross section is to be found
up to en angle of attack of 129 The one-side flow displace=-
ment which appears at o = 18~ exercises no Influence upon the
mass flow,

Translated by ¥ary L. Mahler
National Advisory Committee
for Aerocnauties
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TABLE 1
COCRDINATES OF THE COWLING INLET ACCORDING TO KUCHEMANN/WEBER (2)

FE/'.B‘BP = 0.30 " { (Pg = TInlet cross section)
(1) Coordinates of the outside |. (2) Coordinates of the inside
x/HE = . r/RE = 1@3 = r/RE =
o} 1.237 0 1.237
.05 1.370 .05 1.113
.1 . 1.426 1 1.075
2 1.500 .15 1.056
.3 1.553 2 1.035
N 1.596 3 1.015
5 1.633 ol 1.005
.6 1.665 5 1.001
.7 1.693 .6 1.000
8 1.718 .
9 1.740
1.0 14759 (3) Radius of curvature pfRp
1.1 1774
1.2 1.787 (Coordinates of the center of
l.E l.g98 curvature:
1. 1. .
1.5 1.8% : X=ps T=T(xm0))
1.6 1£21 _ )
1.7 1 25 . ' o O,
1.8 1826 ‘ p/Ry = 0175
1.9 1.826 '
2.0 1.826




TABLE 2
TEST PROGRAM
Dynemic Angle of .
Pi'otfnm pressure | attack Throttle position R IVAN Figure
{ ma) a°' . . . no.
Q\kﬂ/
(a) -Three-coﬁrponent'-measln‘emént .
)
1 100 a®=-6;-3;0 - 0 076 3
2 100. .3, .6;- . . .2.. . '63 . . ,'" .
3 1.m PR se e .]2, -153 - . 3-. - - .l'l-9 - - 5
L 100 18, a1 L c 6
5 100 a°--6;-3;0 Streamline body o . T
6 100 3, 6,9, | Variation: Jet nacel 0 9
. 12,- 15;| = without teil cone )
T 100 18, 21 | Variation:: Streamline 0 - 10

body without tail cone

- GHTL “ON WL VOVN



TABLR 2 - Conoluded

TEST PROGRAM -~ Concluded

6T °"oN WL VOWN

Program - Dynamio ' Angle of { |
$ tem atteok ! Throttle position | A Note:
q kg/mzj a® ! 1 '
{b) Mags-flow measurements
8 100 9° 0 0.76 | Measurement in
the section
9 100 0° 2 & | A,B and nacelle
exit
10 W | 0 3 19
1 100 6°,12°,18° | 02 76 | Keasurement in
the section A
12 100 6°,12°,18° | ; 2 ' 63 ‘

a
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COMPARISON OF THE KEANW HASS FLOTS Al THREZ CROSS SECTIONS

OF MBASUREMENT

Throttle vositidon 0 2 ]
Crosz section A 0.1612 0.1358 0,100
of mcasurements B .1617 « 1340 « 1055
2x1t ocross section 1650 © 21367 « 1074
Msen value « 1620 <1355 «1058
Mexirnm deviation
from the mean value in o6 1.1 1.5
percent

TABIR L

VELCCITY RATIO A= VA/Vo IN DEFENDENCY ONW THI THROTTLE POSITION

Throttle Finrottled
position Fores Q (“‘3/ 5) VA (’"/3) A = vyfvo
e (vo = 10 m/ a)
o} 1 0, 1620 30.3 0.76
2 50 « 1355 253 &3
3 25 « 1056 19.7 119
L 0 o) 0 0
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TARLE 5
- - -TUBE FRICTICY COEFFICIENT AS & FUNCTIOR OF TEROTTIING
Throttle vy/vo —f. s\ v d
poion | (rg o wa) | TN Mo | Bec
0 0.76 30,8 |2.48 x 107% |6.92 x 104
2 .83 26.1 |2.66 5.86
3 -,.[.9 20.1 3.20 ).]..52
i o I
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sketch of the jet nacelle according to drawing No. 4984 of the AJ'!"!B

Nose cowling for streamline bodies combined

with@hrottle position 4. Tail portion of the spinner adjustable

to the positions 0—=—4

\, . : . H
///7/77////7/5’(/7/f/7/ //T// (L /I////////////// lt i
o o |
—L = ~— .
7 ° g ‘Qf ]: Sy 3\ ;4.\ ~ \ =~
V. S
} . — * % T—r - -
T T T T T 2L
— 29 250 450 H\ cross seetion: of /_§
750 ’ =
900 ' -

Measurement of the static pressure:

on spinuer
P 2X 4 Test points (fixed)

on inner wall of the cowling 2 %8 Test points (by plugs)

Measurement of the total pressure in the inner space

2 x 8 Test points by adjustable plugs

Nose contour of the imlet see Table 1

cross section of messurements H+H . B"B

Figure 1. Survey of the model.

6%TT 'ON W.IL. VOVN

"1 °3tg
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cgnfigu— sketch throttle _Jé_ _ VR result
ration eLe position D A= w in Fig.
t//QSO ®
@ — - j— 0 50 075 3
50-——-’-1
moment reference point
| I
@ | 2 5,2 063 4
[
' :
OlE==| 5 | s« | aw | s
I
|
@ <= } 4 60 0 &
| stream-
1;
Ol =% | & | o | -
| i ellipsoiol
of
@ —@r revolution ZD 0 8
l 1:7
[ | jet
! nacelle
@ S — 3 | witowe | 50 0 9
. | tail cone
| \ streamline
: g body s
' _L—' —}— without 52 0 10
4 | | tail cone

Figure 2. Test program of the

three-component force-measurement (survey).
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/ Figure 3. Jet nacellel = V-V, = 0.76 three-component
force measurements c, (X ); ¢, (OX}; ¢, (cg).
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/ AN, =07 12
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Figure 4. Jet na.cellel 2Vy-Vy = 0.63 three-component
force measurements c, (O ); ¢, (6); ¢y ley).
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/»02/*:)/J
Ch | 9m s
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AR 723
i: p 5 - cylaf
= 1. b 2§
i o]
; k) 750} // /‘/7‘160 A _
moment rcfel:oneo point y - ® 0:/ 0 0 2 0I3 04 \ <v .W
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/
/3 Figure 5. Jet nacelle l:VA/VO = 0.49 three-component force-
y measurements Cp (X); ¢, (X); ¢y ().
1/ |
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C 4 <1 ™
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4) [/ 0/94° //L/C 47]\
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----- t reference point %/ 0 0 2 0‘3 04 W
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d/ Figure 6. Jet nacel%é l:VA/VO = 0 three-component force- _{
/ measurements ¢, (R ); e, (X )5 cg (cyle
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/ Figure 7. Streamline body; three-caomponent force-measurements
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Figure 8. Ellipsoid of revolution 1:7 three-component force-
7 measurements c, (X ); ¢, (&) cg (cyl.
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Figure 9. Jet nacelle without tail cone VA/YO=O Three-component
force measurements cg (O€); ¢, (X )] cy fc,).
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